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SlDjMAKY : Chimeric gtilcS L-t»iiipubccJ of iniinunof. lotiullii ( J g.) -lierlved varloblt 
(V) rep.lons and T-ctiJ. reciipror ('ICR) -rtprlvod conacant (C) re^.loiiS were 
conKCnirreri, The Vj^ And V^^ fp.nrjf. r.howln^ antl-pUosphoryJ choline (PC) 

acrlvity were ufied in rhis study. Two pairs of chime ric Renos, ^'ij'^p 
Vjj-C^^ ^>ncl V| and Vj^-C^^ genes, were inatrrftd irym expr eww i t»n 

vector containinK 'both Fcogpt and neo ^en'.'s» .snd LranKfertAri 1iiio EL^ 
ctflls. Cells uhicll cxprtbii both L-himer1r receptor uuil rr-uJ t>s uerc 

ci^ tabli shed . The activity of the trans fnrmiintij to rhv untigen wi^^ 
examined hy using j>topped-f low i'luoromer vy . An increase in rlic 
concentr.^ t ion of cytoplafimic cfiJciiiiri ion wot; obbervp.d after addition 
Staphyl ftcnccu^ pneu moniae R16A hncrr-.rin f.rown,in the chollne-r.ojifnliiing 
medium which t'xpre5<B PC molecu lee, but not after rlie PC-nfega r 1 vi- b;icceria 
Rrown in the t-thannlamine-contalnlng medJum. r. i'jk: Acadtmii fir--, in.. 



TCK o hctexodimer of dlf;vi.1 fid'.'-I inked n fliid H chains (I). , The 
ftSSeniiHl feniures of bodi chains ttie rather f.lmllur to those of lgi2). 
N-LormJnaJ regions of borh ch.^Jnf? r o va liable and form a dimfirlc untlj?,en- 
Combininp. yite , In eonirtibt to the rM^fiyni rion of antigen by 

antibodv., where, the antibody ran hind ro frry yntlgen, th» ICR douy not 
r»?coi;ni7.e onLigen .iloiw hut »m1y in flss:ociaclcn with MHC molccuics (A). 
To dfittritiine wherhfM ihe difference in nnrij^-.tm recount lion between T cind D 



* To whom correspondence should be .^ddres^^ed . 

Ab b reviArl ous : Ig, InmiunoKlobuiin ; TCR^ T-celi receptor; V, Variabie; C; . 
confttcint; h7 heavy; U, lighr; PC, pliosphoryUlioline ; ECO-M()L» ecotropic 
Moionvy virus; LTR, long terminal repeat. 

0006-29IX/87 il..SO 

C'ofnriyju ;C I9S? dy Acoticmn Prrs.\. hu. 

'Ml fi^hi\ of le/tfrn/urnofi m ony Jorm reserved. ^60 
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..Us derive, fro. the scruccural .iifterenr.e in V region, ot TOR and Ig, „p 
■:onscr.cCed chimeric ge.e. co.p.sed oi T,-deriv.d V region. .,nO XCR-derlved 
0 regions. The and V„ geuc .showing antl-HC activity were used m this 
study. The V «enes of Che light (L) and he.vy (U) chains of antl^PC 
inye.lo.aa .nd hybrldo.as h.ve been veil characterized (5,6). Only one 
.--Une V„ g.ne (5) and Chree ger.Une gene. (.) ..e re.sp.nslble for 
Che anti-PC .peclf IcUy . Celle which express ehl.erle receptor .oleculee 
were established. It U .noun ch.t .he .etivatlon of T ly.p.ocytea la 
-Co^panlM by an Increase In the- concentration of cycosoilc csiclu. (7) 
ri^^ accivUy of che t ranaf or.anr. to th. .nci,e„ w.. examined by .Sln« 
«copped ao. a.oro.ecty (H> , The chimeric teccptor molecules expressed 
n C Cransfor..„t.s hod the capacity co react v.ch PC anclKen and trigger 
1 cell actlvatlou, ^ 

MATERI ALS AND Mi-THQ Ug 

Active gene wras iGolatrtd irnm ravi^loma rrnri"; v 

::.yelon>fl S 1 07 w.vo donated bv M.D. Sich.,r (AlLrc f ^'"•'l*'"d trom 
The C «ene8 of T-cell receptor a ard B LJiii 1/ ? .^"llege) (9). 

Moloney virus (ECO-MOL) long t.,rmlnrtl i-e„rat fLT^i f • ' ""f"P'c 
M.lshimotu (Kyoro UniveraUy) (11) fragmenc was donated by 

previously (I?), Thr". erl-, I!J",h. ■ f"""^' P*^^''*^ lescrlbJ 

tquence of the conRrrii,-r»,l „l.=,.. i ^=^pect ively . Hie lucleotlde 

:.ethod (1.3)/ kLwoiTw^ ^''e .M13-dldcoxy 

IVital RNA v;as oxtracfpd f,,.n, ""^/'J' '"^"^'^1' t.i«ion 9s descrtljed (14). 

i-oiy A-conr.t^i^r RNrif :r : n 'i,.::"„"?;f-"fdn "''^''^'^ ^^^^^ 

(15). Northern hybridl ..-.eion was form d t T ^ .1 "ll"'""* cylunm 

V.1S carried oot .15 follows Fm-n v 1 1 ,5'^"PP«J-f low fluorometry 

:ells..l) were i:;/;Th: ..J l^T'^'^, ['V ff^^^ 

low ^pcetro-photomernr RAiOl in combl t o u „1 ru , " "^"PP^J" 

filter (-'.ich aUowH ch.- emitted ffi, wlt?::vcle^ r^^ 

to C00.0 men Che deCMoc) In the r.U^.e..^nc^;:a.:: JLjtr'" 



RESULTS 

FlBure 1 show, the con«trnoclon procedures tor four kl„ds of chimeric 
«ene.: V„-(^. v^-c;, .„d V„-C,. .0 exprea, the ehlmerlc gene", l„ 

CCII3. w, „eed the ECO-MO. LTR as a tran«crlpclon.l promoter. Since 
Cran«l.clo„ b.«.„3 at the V-proxt.al A„C trlpUt 1„ euKaryoMc ..NAa 
(^0). V. ...ermineu the nucleotide »e<,ue„ce between the promoter and 
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(b) 



*J 'II 'III '-tv 

-C.f — -r — i» f— - 




v., c,^ 



1 TMr. ' 



- I I) ii; IV 



ECO-MOu L-r< HLV 



-_J1T" 



: 

rr. i: 





(C) 




1 ■ CnnsCtiiCL ion c£ thu i:li i r i c gcnefi. U )KGNr rlci i on mapJ; n( the 

clones. The DNA fr.i(^menC6 li.-itril Inr che cunst rucl3 im of plfi&niid.s art 
indlL;iliifl by Otick Jinos, Ne;: ti i c.i i on Eii/.ymri; : K,EcoKl; D.BiiinMl- 

H.ltindUl; X,Xl»aJ; 5t,i;t:nl; nf,,ngl]i; ^J'ec]; K,Kpnl; C.ClflJ; S;^.?;pciJ 
ri.smal. rhp conscrucc ion of pSVG-MOLV C,,37, rhi> Cinl-Sm^i 

Irngment rhp fXO-MOUiK(LTK-T ) wnr; CtMinect,^d r" cIk- R/mWl-bamll] rroyocnt 
nt ^^ii""*^' nflcr ch6 Houl^tl sii.c ar r^n.• 'j' upfitrp^m of v g.eno was 

chanfieJ to a Hush ri.U with KJftnow eiisynie. The ri^sulLiiiK." ClaI-I\^iuHi. 
fragment wa.s connected to tliu Bnclll -FlarnHj iragroenr ot TCR t, clia'in p^i in thn 
same polnrity, and iiiKerred inlo piasmid pSV'2i;pt. The EroRl-Cl.-jl region 
rti the upiitreflm of the LTR s-fijucnct vas rtftrlvod trnm pBR322 IJKa. ; rr,i th.; 
LvnstruCLion ol pSVC-MOLVi C,,12 , the I.TK-1 fraemenr wbe connpct^d rr. the 
MuI-BgJTl fragment of .Sld7V (V ). The rrsultine frAcmtut v-bs cunncr^rd 
to the h&mm fvA^m^nt of Cj, •^^'tfr changing ( li^ BglTl site into BamllT 

Hit* by usliiK o h^mttl linker, .inrt inserted inm plafimjd pSVl'Ept. • r^r 
ronscruciion oj pSVG-MOLV„CpA ! J , lIic Clfll-Kpn trflfimnnt of rhA ECO-MOI. 

%2 
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rhe leader nf and V^^ genfi.-^ In the r.o„ycruOteri plasmLU-. Thnrft were ^^o 
AT(; sequencer. In the 5' upstream regions (Fi^.^). in InTUal trial 

r'or cranflformation expcrlmencs , tl,c EL4 ceUs. presume.! to he o helper T 
cellC^l), vert Cranst'ecced with two plaemld UNAa ; pSVC-KOLV C 3/ and pSVC- 
MOLVj (:^(„eo), or pSV(;-M0I.V^C^l2 and pSVC-MOLV^^Cj^ (neo) , slmuUaueously , by 
protoplast fusion <1A) and selecced t„ ch. gpt (22) and neo selection 
medium (2.1). Houever. we did not obtain any transf urra^ints shovlnR both 
^pt and neo resistance. Wi- f-nn^trucc^d Lhc pla.-jmlds : pv CgV C l» 
•'^H^eW^ aV a^^ '^"J P\C ^V^C ^16, containing ^' two 

r.hin,«ric genes In each pl^gmid DNA (Fi^. k) . From A x llJ^ EL6 cells, 

m the gpt selection medium, we oht.Uned 7, 2^, 13 ^nd 6 trana formants 
tran.fectcd with pV^C , ^V'sV^^' ^V^W^"^ ^VflV»^' 
rcbpectlvply. In the neo celiir.cion oeUium, wc obtained 2, ii), 9 and 3 
trAi.s-fonLant>j tran5fet;tcd with the .ibove piuBtnld PNAs, r«spec tlvely , By 
Northern hybridiz.-ar I m. (16) uith th*, V^^ ond proh^.*. we searched for 
:«ilfl cxpresoint; both rl-imi-ric fiencN, and obtained two Irnnsf OrmanCS : 
£LA-5 cont.minR PV^^CgV^C^D .smi EL^-U contai niuK pV^C^V„(J „ 1 4 . as- 
iitiu resistant cells. yuve a b.^nd at 1,33 kb with the V^, probe and -^t 

1.^5 kb with the probe(F1?i.j). ELA-U ^ave a band at \ ,i^5 kb with. 



connected co rbc EAmhl-HlndMi; fi.iKnient nt TlW iv -IM 
Chu Kpnr 3n.i^l!.« :i;.r:in ,ir..s UM n fiu = ;h end. uich" kV^hcw 



I.TR(LlK-lr) wa:: 

..in;>inn, uhlr.li iri-ates .-. H.imiri site .ii cho ii.ncclmi poim 

iragnuMt va.-! ronnecc..! u> the Kpnl-Hindlil fiaKin,,nt i;i r„ .unr aii^r 
.:l.;.n6l..^ the K„„l and Hi,»llM sice>; into IlindUl anJ H,-mH7 ,it„/ 
rc3pd,:iiVBjy, by using linkers, nml inse.icd 1i,in plaani^ pSV2»pr • For 
'^w^Mni'^'^r'^i"" U.e prnr,:,cul u.a tU. .,omc 'a.. r.lUc u£ 

P-V{,-H0LV,r,12 ejii:«pi for the cl.;»iiv:« of Oh- BrI 1 I sIl,: Into lUnJlII -Aee 
lnsL.,i,d of Komlll sir.. Indep=n.l*=.uly. conjtrucr,-,! four ...Uer pl.-..-,«ida 
who« Rtruciures arc e.sspnnMI I y die sane .,r. «hown in (I.) .-...ept in.- „eo 
rr.«u;tance „ene in pLac ot EcogpC jen. by „.,1„,: pi.„„id „sv?n*« in»r,.^J 
Moyv**? , " named them pSVo-.mV Caf neo), pSVC-MdtV, C.. . pSVC 

.)^r'^A<-FV5 -?[ '^hi-'-'c go..,,, in „.,., pte.„id 

UNA. yA.F.USv.i; was use.l « vector. Th« I.TR l« th* ECO-Mni.LlR ;.nri 
(...Jylink*. «hown in. Fig.!' was in.^crttd inr... che SmaJ .•Mi.-. ih« 
de.sl.K„ations ure .,s tuUows: SpBt:. Afii;. ASK and Ark aic iS-rlobin 
fflii^i',"* ^if""^' "-•f"'-'!" P'flyA SV6,-, early pnlvA »i«.w.l ...,d 

Mn,» .t?" "'J^"^"* '^i"?"* ««"«•''• The Banilir-R;.niHI fr;.,!«,ent ..f pSVC- 
"? "ul- ii,-P?r.^ the .-.Mimpric V -Cg Ren.. „a9 Insert*,! ,ho H.imHI 

pSVC.-.M«LV c„l^ ^,,„ connected lu che Ciay-clige$tciJ PACE-VuC/,*! 

^ai^fT VS'^ "•■ ^•^i"'*'-^^ V -C|, K^.no. result i-.K in pia.«,-d 

I.A..F.-v, C|,ie r ... Clal .dl^e.tod pSVci.MOLV„i:„.U wa, connectaJ m, the 

f.i r*f f'^^^yt^f' rcsulclnfi in two pJ.,.Bnldo: pV i:„v r„U a.,J 

pv, i-gv CftlB, fnc sizes of Llie four plasmlds: bVuCdV. C I bV C,V r 1 

The ov«ian structures arc confirm^ by ri:t?trlc t ion mappinK. SoucheL.i 
hybridisation and nucl6ocLU« ycqucncing of ch.» tonnectyd region*: The 
aizZB Ot ccich plasmid and gene shown in (b) (c) and (a) are urhlrrnry. 
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VAT HOX 



TJkTA BOX 



I LTR 

GncnCCACTCCTCCCATTCJACTCACrct 




6'Vh 

;CTCTCCT^;M(;•:":'::{.•CAATC'J•r^:ACATTCAc;AAATC^CCA(,:rcAC 



CC<^.*AAGC0''i(V:(:Tf.:f;AGTCGAC7CTy»(-:^].;<:ATi:c' 



Mt:t. Ui: j:f :.,-:u ?•//. •.>: t/..- 

\TCCT(;'r(.*ACT hTC, /vAC rr(.; TCU*, TTA /iAi; r<.::: tyn '"TV 



.'.*•(( nir /.CD leu 
..'•r:- TiA ACA CTT TTA CAI' C fildiitionl 



LTR' 



5'VL 



(•;(;Cc;;:cACTcrrr::(,:ATTGArTC.ACT::::(;cL-.i.-r::Tcc'TC-c-vA^^^^^^ 

(;;••. Tfti r.;*, vo.» u-u «<•; i r..-.* . v,v, 

^CAG TTT CAC ACC CAU (;TA CTC Arc< TCC CTU CK-: CTC TC.C ATC TC*T 0 CiTdntron) 

Nm-lnuicic 6«(^iicmr frnr: | li,- prOKOtfel M:^;3on tO 111/.' flrSL intron 
o! tin COnf;trnrtrd V^^ anJ V Tht tUuilcntlde riitqucnct .»! rhc 

piomntcr vafl Hr.sc rlbeO ( i J ) . ' The junctin:. pninis of il.r LTR :1ihJ V cenes 
art: fct ilH- SmaJ or KpnT siic in Uu- r.ro-MO? L'lK. rhe BaniHl site in t rw 
upwur^'iir. or Tl^ V^^ -enc and rhi^ r.:uT siiv Jr. rhf V iipnrr/.am ui f^IO? v 
^:fiiL- iJi^ dcsrnhfr.: the JfiRiMiti 01 hiy.;. .Hinr? a i>nl vlink.-r uf.^ iir.rvr^i 
into cn€ filial «:tf 1r ^n;;::Did pA(;EU^ li:^^ tiwro 2^ e-:r;, n^cUoMcivE 

n ^- j; ^' . Th e il »• I /' rni ir. t? d 

Lwt) 

feiie. The 



;tt the ixniniKiry c: zuk I'Vh und ' Vj: in ;>/... i 

i-eqwenrrts nte the r.rmv at; iht puhl i'r;hi--d vc(;uen<:n (3) ^xrri.z for 
iiiHlcocidc Or it Lion in rhc* 3* uiu i ans 1.^(^.1 region nf the V ^ene 
iH.siLio:: r.r ( hr initi.Trion codop in SiU7 I'.ene i:^ cstln..^(rH fv^.m Ihl 
locations ot rhc octamev ATTTGr.AT^ 33) .-.rni TA':'A-]1kc sewuv^ncee wlu..;^ 



the probe- and Ht I.V:> kb with the vy prohft. The size nf each ha^d 

indicates rh.li RNa .^^pilclng occurri'd beiweer .-qn Ig-derived J p,er>e iind 
TCR-dcrived C pciH', The p.iy.p .11 f f .-.rptif.-i.-y blioiiid reflect Lho«e nf rh.; V 
end Citructure of rhf ronttructed gene!'^ (F1f. . 1 ) . 
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£l6^ NnrtMrrn hybrid I >:;.( j<,M ot the ClMnM ^^^.alU^: with Lhv. and V 

probe. h.JyA-containlM),; J<NA was pr^p.iicd frnr. each ( nmsf im m.-.nt . Two 
in>rro(;rftms ^>l RNa were sul,jr.r.irrt w> ..fai or.tf ^...l cleci rophoi e-;!:. 
612c w;i!i r.srlroat*id t,-.;in^. ^ftf? and JflS ,K.\A yl:* markcra. HYbrld i r Ir.n 
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Tn tJecermlne whether craasiatinn of mKNAs and exprusKlnn of the 
.rhirauric rert*pCor molecules on thi> cell surTocc occuired In these: cells, we 
tised two monoclonal ontlbodlus; anci-V^^ antibody (17) and anti-Ti5 
idiotypic nncibody (18). However, the FAA used cm a recipient cell Itself 
reacted with anti-Xli Idlntypir oncibody, presumably due to Che 
croflsreflccivlty co Thy-l whleh sharef. the same epitope as T15 Idlotype 
(2^). or iome other Sul'foce iiioleculer., und tho re suit a with aiiti-V 

H 

uiiLibody were ambiguous hecaitse of rhe hiph bockKrounO. Because of chtse 
.-problems, we ril ror riy pvatnln*./;! the acti.vUy ot tlic cranfl f yrman ts tu the 
iiuigon wlthoi.ic identification ot the proteins. 

It is known that the activation ot T lymphocytes is jaecnmpained by an 
increase in the concentr-ntlon of Cytobolic c»tlciiim (7). After binding to 
target cells, T lymphocyte?: ftrr.t lMerea.se their membrane fluidity and, 
then, calcium in released from intracellular stori^y (fi) , After that, 

c.<ilr.liini (nflux occurs from ch^s uxLurnw.t modI\ini ii\C^> i* lyuipUocy tK6 (8). 
:his incrr.ivi* It» che concentration uf cy ccpl:if;fnic Ce\" ion cah be traced by 
•Jlny HCnppftd-f Inu tluorometry (») with a f lucrc^frii t probe. Ah the 
.'^OurcCf of PC nnrigen, we used heat-kllUd S Lciphylocoeeus pneuu iu. -.iiae R36A 
bacteria (2S) gjroun in the choriiid-iioiitaininx medium which c.Jtpreee 'PC 
molertilp^*,' and ch^ negative contivl, we uocd heat-killed PC-negHClve 
bacteria grown in e rhaTuil .-tiriinf-concsining innHium (57), Figure 4 ;?hyws chat 
In both F.l.A-5 and IH.i-lA colli-, calcium influx way observed after mixing 
•he X cells with PC-po;?! rive, bacteria but luu with PC-negative bflcceria. 
..id iluit liLi fr.Ncir dirt not re^ct wIlIi «icher rc-posHivc or F'C-tieij;aclve 
bacteria. These raiinlrw inHir.itP rhsL the chimeric rrecptor niwleculey 
presumably expressed in the trans fonn.sncs have the r.ap-nclLy to react with 
PC antigen and trigger T cell activation. 

DI SCUlsSION 

The ICR is atife-ociared with thi> T3 cr/m|il ux(28) , lurthftrmore , the 
Lyt2/TH ond L3T6/Ti ourfuce i^lyeoprotein.*, ;(re thought co Involved in the 
tnteractinnf, between T cell?! and their tarf.e.r cella (29). However, two 

groups? (30,31) hove presented direct evidence that the u and B chains of 
Tr.K aloou may detlne the dual, nnmely antigen and MUC , spceitielcy , 
Tranaterrion and eypressiou of the Kcnrf*.? fur a particular u uiid 0 pair 
•il.low che recipient cell to respond to rhe eomhination of anf.lgen . and 
iLiellc MHC product recognized by the donor T cell (3U,31.). The 
difference In auLlsen reco^jnltlon herween li and T cell^i may orlj;lnate In 
the fttructural difference In Tg V regions ond ICR V regions, although 
computer annlyscPK (33), based on published i!i«quei\cc data, indicate thdC Uic 
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EL4 



f EL4 



PC 



Time (S) 

llLd*..'. Stopped- fltju J JuPTometry t recce lndlt:;iring the tdtrccfl df cbfc 
antltjeii;-: tm the T-Cfcllft with rhinn'rir roc I'p tors. 
The data are .shown ?b Che a\<e» £iKe ui* 1!) i imcK mcafluremtmcg . 

FiJecc of Vi'.'^ on the f luoreftceiice t»f f\»r;i ?-loadfeJ Kl.A-S. 
(h) FMcct of KC^ Mil rhe fluorescence of fuia 2-t oHiJtfd . ELi-^ , 
(C) Effect or >'C_ on the flunrft$rftnro of fura 2-londi;il ELi-U. 
<0) Eilcct of y{:~ on the fluoresctinrp nf fora V-loadod 
Cc) trfcct or on the f 1 unrr-firrriro of fura 2-loAdr.rf tLi . 

(t) trieCL of KC on The I Juorir scence of fura 2-)oaaed EI.6 , 



a and H ch^lnt; ot* ICR are orRanized Into immunoglobulin-] ike domains 
consisting of mult let rand ed flnclporollol p-^heet bllayers. Our prv*;ent 
tixperlmcncs Indicate that the chimeric rftceptor composed of Ig-derived V 
r<*gicne and TCR-derlved C ru^lum: liny the capability to Lilj^j-fcir T cell 

966 



activation wltl 
Influx le an < 
helper and cyn 
Che ability < 
cells. In J 
any antigens 
described in c> 

Recently, 
chimeric gonee 
Although a chl 
CO form an app 
secreted, It 
reason for for 
and v^-Cp, B 
Ig*6 charecter 
without C domal 



We Chank 
C.Ueusser and 1 
We thank Dr.R.Ri 
are graceful t 
transfecclon mei 
for their encoui 
the Ministry c 
Health Unlverelt 
the Uehara Sclet: 



1. 



2. 



10. 



11, 



Kappler, J. , 
727-737. 
Hedrick.S.M 
Nature 308 , 
Kronenberg, 
^, 529-591 
Schwartz ,R« 
Crewe, S, , 
59-66. 
Gtrarhart ,P 
29-3A. 
OetCgen,H.C 
60, 583-590 
Uteunomlya,? 
Proc.Katl.A< 
K.wan,S-P, , 
j_. Exp, Med. 
Chlen,Y., 
Davl8,M,M. 
Adachl.A. , 
6 lahlmoto,/ 



MIT LINCOLN LABSXGRB 7819813867 



01/15 '04 15:37 NO, 315 10 



COMMUNICATIONS 



or rhe 



e domalnn 
ur present 
-derived V 
er T ceil 



Vol. 149, No. 3. 1987 



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 



aodvacion with the n,„l8c„ «K.ne, without MUC , , 

mnux is e«rlv rr.n,n,s ^ * -tecule^ . stnce calcium 

AO 111 e«riy f I ansmomhrrme event ^ A^ 

-p- 0. „J ; 

Che ahincy o. 1« to free .„ci«a„s co L B ^ 

•^ella. In f . . ^ ■ ' ""^"^ transferred into T 

rucorc. tc night hccomc putsible f,.r T ...i 

-y antigen, without NHc r..trlct1o„ cu b. «co«„l«ing 

Recently. Caar.olKne t-t al, (33) renorfH rV, 

^.-".c ..... o, -^.h:;„,«;7 '"*"• 

' " -«„ „ „1., ul ' " • 

: — — ..i.=»u 

-CO. ted. It did not c.-,n,bine uirh a chlumrlc V 



r^auon for formation of o„r chln,«r1c chain 



and Vj^-Cfl 



B-Ck chain (33). 
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